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摘   要 





















NH3-TPD 等多种物理化学表征方法/技术，通过探讨 CNTs 对 γ-Al2O3 的结构、

























化的参比催化剂（1.4 wt%Pt/Al2O3，1.2 wt%Pt/CNTs，1.4 wt%Pt/Al2O3(goods)，
1.4 wt%Pt/SiO2，和2.4 wt%Pt/AC）上相应值（13.67，27.55，15.12，21.88，
7.46（s-1））的3.23、1.60、2.92、2.02和5.91倍。 
2．动力学实验结果显示，以 CNTs-Al2O3为载体的工作态 Pt 基催化剂上甲
苯加氢脱芳的表观活化能与系列常规载体负载的参比体系上的相应值基本一
致，表明少量 CNTs 的添加并不改变催化反应途径，但，正如 XPS 表征所示，
却提升了工作态催化剂表面具有催化活性的 Pt0 物种在表面总 Pt 量中所占比
例；XRD 和 BET 表征结果指出，CNTs-Al2O3 复合载体中主成分依然为 γ-
Al2O3，但其比表面积和孔径相对无添加 CNTs 的 γ-Al2O3 载体却明显增加，同
时，NH3-TDP 谱亦显示 CNTs-Al2O3 复合载体表面酸性位远高于单纯 Al2O3 载
体，几乎是后者的 1.3 倍，这暗示着 CNT 的添加虽然没有明显改变 Al2O3 的相
态，对其形貌、织构的影响却不可小视，这一点也可由对比二者的 SEM 图得到
验证；显然，CNTs 掺杂后的 CNTs-Al2O3 复合载体有益于甲苯的扩散、吸附及
接受源于邻近 Pt 上的溢流氢，从而提高甲苯加氢反应的速率；然而，对工作态
催化剂表面的进行的 CO 化学吸附结果却表明，少量 CNTs 的添加反而降低了
Pt 在 CNTs-Al2O3 复合载体上的金属分散度；进一步，为探明 CNTs 的作用本
质，在 273 K 至 773 K 温度范围区间内，考察预还原催化剂的 H2-TPD 谱，与 γ-


















摘   要 
Abstract 
Aromatic molecules in fuels have been shown to be highly detrimental toward 
both fuel quality and human health. Recently, more stringent requirements for drastic 
reducing the aromatic content in fuels attracts more attention of researchers to deal 
with hydrogenation-dearomation (HAD), one solution to this problem, at low 
temperature over supported noble metal catalysts. The commercial novel metal-based 
catalysts for HAD are mostly loaded on alumina. However, given the high cost of 
novel metal, their commercial experience is limited, the amount of the metal must be 
minimized in order to keep the cost low. The high intrinsic lower-temperature 
hydrogenation activity may be enhanced by modifying and /or searching for new 
types of support, as well as a secondary metal as promoter, thus avoiding the 
thermodynamic constraints and improving the efficiency of aromatic hydrogenation. 
Carbon in the form of multi-walled carbon nanotubes (CNTs) have been the 
focus of novel material research since their first discovery by Iijima. Their unique 
electronic and micro- and macrostructural characteristics, such as high external 
surfaces, good electronic conductivity, large surface to volume ratio, high stability and 
remarkable mechanical properties, especially their excellent performance for 
adsorption and spillover of hydrogen, make them quite suitable as catalytic support 
and /or promoter. 
On these premises, the aim of the present work was to improve the catalytic 
activity of Pt/Al2O3 at lower temperature via CNTs as promoter. The research work  
have developed a new type of CNTs-Al2O3 hybrid material, which were further used 
as support to prepare highly active Pt catalyst. Its catalytic performance for toluene 
HAD was evaluated. Combined with a series of physico-chemical techniques, the 
impact of CNTs on the catalytic activity was investigated. And for this purpose, 
alumina (γ-Al2O3), silica and activated carbon (AC) were also choosed as reference 
supports for comparison. The results of this work can be briefly summarized as 
follows: 













摘   要 
x%CNTs-Al2O3, where x% represents mass percentage) hybrid material was prepared  
and used as support to develop a new type of Pt catalyst, with excellent performance 
for the hydrogenation-dearomatization of (HAD) toluene, by incipient wetness 
method. The results showed that the addition of a minor amount of CNTs into the host 
Pt catalyst enhanced its catalytic activity greatly. Over the the composition-optimized 
catalyst of 1.2wt%Pt/8%CNTs-Al2O3 under reaction condition of 2.0 Mpa, 363 K, 
C7H8/H2=1/6.7(v/v), GHSV=900 L·h
-1·gcat.
-1(outlet of hydrogen), the observed 
conversion of toluene reached 93.4 %, with the corresponding TOF (The turn-over-
frequency) of HAD of toluene being 44.09 (s-1), which was 3.23、1.60、2.92、2.02 
and 5.91times those (13.67, 27.55, 15.12, 21.88 and 7.46 (s-1), respectively) of 1.4 
wt%Pt/Al2O3, 1.2 wt%Pt/CNTs, 1.4 wt%Pt/Al2O3(goods), 1.4 wt%Pt/SiO2 and 2.4 
wt%Pt/AC catalysts with the optimal Pt loading under the same reaction conditions. 
2. The kinetic experimental results showed that the apparent activation energy 
for the HAD reaction of toluene at CNTs-Al2O3 supported Pt-based catalyst was 
almost the same as its counterpart without CNTs, however, the molar percentage of 
active surface-species Pt0 increased dramatically, as evidenced by XPS investigation 
of the functioning catalyst; Both the specific BET area and the pore size increased 
clearly after CNTs incorporation into alumina, the crystalline phase of alumina γ-
Al2O3 remain unchanged, though. Meanwhile, the NH3-TPD indicated that the 
amount of the acid sites on CNTs-Al2O3 supported Pt-based catalyst is almost 1.3 
times that of Al2O3 supported Pt-based catalyst, the toluene molecule could be 
adsorbed on acid sites and then hydrogenation by the spillover hydrogen, implying 
that the increased reaction rate would be expected; However, the addition of CNTs 
lowed Pt dispersion on the surface of catalyst, unexpectedly; Moreover, it could be 
inferred from H2-TPD profiles that the excellent adsorption performance of CNTs-
Al2O3 for H2 under atmospheric pressure and temperature ranging from 237K to 773K, 
would favor generating higher stationary state concentration of active H-species on 
the surface of functioning catalyst, which could be readily transferred to Pt sites via 
the CNTs-promoted hydrogen-spillover, thus help to increase the rate of 













摘   要 
supported Pt-based catalyst for HAD of toulene could be ascribe to the ensemble 
effect of factors mentioned above. 
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第一章 绪  论 
1.1 碳纳米管 












自从 1994 年 Planeix 首次次报道在多相催化反应中将碳纳米管作为载体用
于肉桂醛加氢制肉桂醇[7]以来，关于碳纳米管在催化领域的应用层出不穷且日
趋广泛，也使得对于碳纳米管的性能的了解愈加深入。迄今已见诸于文献报道





1991 年，日本 NEC 公司基础研究实验室的电子显微镜专家 Iigima 将电弧
蒸发后在石墨阴极上形成的硬质沉积物在高分辨电镜下观察时发现，阴极碳中
含有针状物，由直径约为 4-30 nm、长约 1 µm 的 2-50 个同心管构成。这种中空
纤维是由纳米级的同轴碳原子构成的管状物，相邻两管的层间距～0.34 nm，近
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为布基管[1]。其结构是由多层呈六边形排列的碳原子构成的多层的同轴圆管，
称为多壁碳纳米管。随后在 1993 年，Iigima 和 IBM 公司的 D.Bethune 几乎同时
发现只有一层碳原子构成的同轴圆管，即单壁碳纳米管。 
碳纳米管是由类似石墨的六边形网格所组成的管状物，管子一般由单层或




当 n=m 即手性角 θ=30°时称为扶手椅管（armchairtubule）；当 m=0 即手性角
θ=0°时称为锯齿管（zigzag tubule）；而当 0°<θ<30°时则称为手性管（chiral 
tubule）。多层碳纳米管则是由若干个单层管同心套迭而成，它的层片间距约为
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